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What is claimed is; 



Ti a dlrtractive optical element comprising: 
a first optical region made of a first optical 
material which is substantially transparent to lighi 
within a wavelength range to be used; 

a second optical region made of a second op/ical 
material which is substantially transparent tp said 
light but is different from said first optical material; 

a third optical region made of a thir^l optical 
material which is transparent to said 1/lght but is 
different from said second optical material, said first, 
second and third optical regions b£ing arranged to be 
brought into contact with Wch other or being arranged 
close to each other; 

a first relief pattern /formed in a boundary surface 
between said first and sefcond optical regions and having 
a first pitch distribution and a first depth; and 

a second relief/ pattern formed in a boundary surface 
between said secemd and third optical regions and having 
a second pitcn distribution which is substantially 
identical >#ith said first pitch distribution of the 
first r>elief pattern and a second depth which is 
different from said first depth of the first relief 

tttern, said first and second relief patterns being 
substantially aligned in a direction of an optical axis 



sbf the dif f rac^tJ^B-^oy^E^T^^r^mex^ 
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^2~. A diffractive optical element comprising: ) 
a first optical region made of a first optical 
material whiclv^ref lects light within a wavelength range 
to be used; / 

a second optical region made of a second optical 
material which is substantially transparent to said 



a third optical region made of a thi/rd optical 
material which is substantially transparent to said 
light but is different from said sefoond optical 



being arranged to be bitou)ght /into contact with each 
other or being ar ranged\c^ose to each other; 

a first relief pattern formed in a boundary surface 
between said first and second optical regions and having 
a first pitch distribution and a first depth; and 

a second relief pattern formed in a boundary surface 
between saidr second and third optical regions and having 
a second .pitch distribution which is substantially 
identical with said first pitch distribution of the 
firs't relief pattern and a second depth which is 
different from said first depth of the first relief 
pattern, said first and second relief patterns being 
substantially aligned in a direction of an optical axis 
of the diffractive optical element. 



light; 



material , said first. 



pond andr third optical regions 
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3. A diffractive optical element comprising: 1 

a first optical region made of a first optical / 
material which is substantially transparent to ligh£ 
within a wavelength range to be used and has a / 
refractive index ni; / 

a second optical region made of a second/optical 
material which is substantially transparent to said 
light but is different from said first (Optical material 
and has a refractive index n2; / 

a third optical region made of/a third optical 
material which is transparent tor said light but is 
different from said seccmdV6p^:ical material and has a 
refractive index n3, said\&irst f second and third 
optical regions being arranged to be brought into 
contact with each othe/ or being arranged close to each 
other; / 

a first relief^ pattern formed in a boundary surface 
between said fLyst and second optical regions and having 
a first pitch/distribution and a depth di ; and 

a second relief pattern formed in a boundary surface 
between said second and third optical regions and having 
a second pitch distribution which is substantially 
identical with said first pitch distribution of the 
fir^st relief pattern and a second depth &2r said first 
anfd second relief patterns being substantially aligned 
In a direction of an optical axis of the diffractive 
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Optical elemen t, wherein when •^•^ atio o f th e--t3^prttr^o# . 

the second relief pattern to the depth of the second / 
relief pattern is tf(=d 2 /di), a wavelength of the ligh£ 
within the wavelength range to be used is A, a shortest 
wavelength of the wavelength region to be used is/Ai,and 
a longest wavelength of the wavelength range to^be used 
is A 2 , the following condition is satisfied: / 

|AN(A 2 )| > |AN(Ai)| > 0;A 2 > A x / 
wherein / 
AN(A) = {n!(A)-n 2 (A)} + a {n 2 ( A ) - n/( A ) } 
4. A diffractive optical element according to claim 
1, 2 ox 3, wherein a ratio\of th^e depth of the second . 
relief pattern to the dept^o^/the second relief pattern 
tf(=d 2 /di) is set such that a/phase shift function of the 
first relief pattern and a/phase shift function of the 
second relief pattern ape canceled out each other, 

5* A dif f ractive/optical element according to claim 
1, 2 or 3, wherein ysaid third optical region is 
constituted by a^i atmosphere surrounding the diffractive 
optical element. 

6. A diffractive optical element according to claim 
I, 2 or 3r, wherein when an average refractive index of a 
composite, relief structure constituted by the first and 
second relief patterns is no), a thickness of the 
^dif f ractive_optical element is D, and a smallest pitch 
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of the 
sati 



"relief 



ied ; 



-ifiwiuy C0TT3ition is 



2tt A D 
nn T2 



< 1 



A diffractive optic 



element 
:e 



:cording to claim 



velength of the 



1, 2 or 3, wherein when a si 
wavelength range to be u§j&<T"is Ai, a longest wavelength 
of the wavelengtlj^TcTnge to be used is A-z, and a middle 
wavelengthja^tween A\ and A 2 is Aq ( = (Ai + A2)/2), the 
follo5*£ng condition is sal 




2- Ai—y 0>05Au 

8. A diffractive optical element comprising: 
a first optical region made of a first optical 
material which is substantially transparent to light 
within a wavelength rangje to be used; 

a second optical region made of a second optical 
material which is substantially transparent to said 



light but is different from said first optical material; 



a third optical region made of a third optical 
material which is substantially transparent to said 
light; 



a fourth optical regijon made of a fourth optical 
material which is transparent to said light but is 
different from said thirdjoptical material, said first, 
second, third and fourth optical regions being arranged 
to be brought into contactawith each other or being 
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arranged close to each jother; 

a first relief pattlern formed in a boundary surface 
between said first and second optical regions and having 



a first pitch distribution and a first depth; and 

a second relief pattern formed in a boundary surface 

i 

between said third and fourth optical regions and having 

! 

a second pitch distribution which is substantially 

identical with said first pitch distribution of the 

first relief pattern and a second depth which is 

different from said firjjst depth of the first relief 

pattern, said first andj second relief patterns being 

< 

aligned in a direction <bf an optical axis of the 

4 

diffractive optical element. 

j 
i 

9- A diffractive optical element comprising: 
a first optical_region made of a first optical 

material whichQ^eflects; light within a wavelength range 

to be used; " j 

a second optical region made of a second optical 

\ "* N 

material which is substantially transparent to said 

'I v • ^ 

light; !j 

\ 

a third optical; region made of a third optical 
material which is substantially transparent to said 

i' J 



light; ji 



a fourth optical region made of a fourth optical 

material which is substantially transparent to said 

\ 

light but is different from said third optical material, 
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said first, second, thilrd and fourth optical regions 
being arranged to be brought into contact with each 
other or being arranged jclose to each other; 

a first relief pattern formed in a boundary surface 
between said first and second optical regions and having 
a first pitch distribution and a first depth; and 

a second relief pattern formed in a boundary surface 
between said third and fourth optical regions and having 
a second pitch distribution which is substantially 

identical with said first pitch distribution of the 

i 

first relief pattern andj a second depth which is 
different from said first depth of the first relief 
pattern, said first and second relief patterns being 
substantially aligned in|a direction of an optical axis 
of the diffractive optical element. 

I 

10, A diffractive optical element comprising: 
a first optical region made of a first optical 
material which is substantially transparent to light 
within a wavelength range |to be used and has a 
refractive index ni; ^ 

a second optical region made of a second optical 
material which is substantially transparent to said 
light but is different from^said first optical material 

and has a refractive index ri2; 

I 

a third optical region made of a third optical 
material which is substantially transparent to said 

i 
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light and has a 



refrac 



a fourth optical i 



tive index n3; 

egion made of a fourth optical 



material which is transparent to said light but is 
different from said third optical material and has a 
refractive index n 4 , said first , second, third and 
fourth optical regions being arranged to be brought into 
contact with each othejr or being arranged close to each 
other; I 

jtern formed in a boundary surface 
second optical regions and having 
a first pitch distribution and a first depth di; and 

a second relief pattern formed in a boundary surface 



a first relief pat 
between said first and 



between said third andjfourth optical regions and havi 
a second pitch distribution which is substantially 
identical with said first pitch distribution of the 



ng 



first relief pattern and a second depth d 2f said first 

and second relief patterns being substantially aligned 

1 

in a direction of an optical axis of the diffractive 
■optical element; wherein! a ratio of the first depth to 
the " depth of — the - second depth is a(=d 2 /di), a wavelength 



of the. light to be used is A, a shortest wavelength of a 



wavelength region of the 
longest wavelength is A 2 , 
satisfied : 

I AN(A 2 ) I > I AN( Ai) | > 



light to be used is A if and a 
the following condition is 

0 ; A 2 > A x 



+ # 
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wherein 

AN(A) = {n 1 (A)-n 2 (A)} j a {n 3 ( A ) - n 4 ( A ) } 

11. A diffractive opttcal element according to claim 
8, -0 or 1CU wherein a ratio of the depth of the second 
relief pattern to the depth of the^'^e©*^- relief pattern 
«(=d 2 /d 1 ) is set such that a phase shift function of the 
first relief pattern and a phase shift function of the 
second relief pattern are canceled outreach other. 

12. A diffractive optical element according to claim 
8, wherein said second and third optical 
regions are made of a same optical material. 

13. A diffractive optical element according to claim 



8, -9— ee-iO-i. wherein said fourth optical region is 
constituted by an atmosphere surrounding the diffractive 



optical element. 

14. A diffractive optical element according to claim 
8, ■& — iO* wherein when an average refractive index of 
a composite relief structure constituted by the first 
and second relief patterns is n 0 *, a thickness of the 
diffractive optical elemerjt is D, and a smallest pitch 
of the relief patterns isj|T, the following condition is 
satisfied : 

2?r A D 

< 1 

no T2 

15. A diffractive optical element according to claim 
8, 9 or 1CU wherein when z. shortest wavelength of the 

). 
I 

I 
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wavelength range to be\ used is Ai, a longest wavelength 
of the wavelength rangd to be used is A 2 , and a middle 
wavelength between A x aAd A 2 is A 0 ( = (Ai + A 2 )/2), the 
following condition is satisfied: 
A 2 - Ai > 0.05A 0 




—2*r: An opcicai device composing a diff ractj ye* 



